"'\}(lung-of-the-year (YO\') spotted seatrout, Cy-1_ noscion nebulosus, play important ecological roles in estuarine and nearshore waters of Florida. They are prey for fish and birds (Carr and Adams, 1973; Johnson and Seaman, 1986) and prey upon a range of invertebrates and fish (Carr and Adams, 1973; McMichael and Peters, 1989) , often to a degree that the abundance of their prey may be affected (Johnson, 1982) .
Despite the ecological importance of YOY spotted seatrout, their population dynamics in western Florida estuaries have not been adequately exan1ined. The published literature includes only information on estimates of age, growth, and spawning dates and descriptions of food habits and habitat associations (Springer and Woodburn, 1960; Carr and Adams, 1973; McMichael and Peters, 1989) . \•Vhether seasonal changes in the abundance and size structure of YOY spotted seatrout occur throughout entire estuaries or what factors influence their spatial distribution is unknown because past studies have had limited spatial coverages (sites were sampled in waters <1.5 m) and short sampling durations ( <2 yr) (Springer and I•Voodburn, 1960; Carr and Adams, 1973; McMichael and Peters, 1989) . In addition, natural mortality rates of YOY have not been estimated.
In this study, we used 4-9 yr of data to docunlent seasonal changes in abundance and size structure in shallow-and deepwater areas, to identif}' factors that are associated with YOY spotted seatrout spatial occurrences, and to estimate mortality rates of YOY spotted seatrout along the gulf coast of Florida, USA.
METHODS
YOY spotted seatrout [$100 mm standard length (SL)] were studied in Choctawhatchee Bay and Santa Rosa Sound (surface area: ca. 450 km 2 ), a temperate estuary located in the western Florida Panhandle, and in Tampa Bay (ca. 886 km 2 ) and Charlotte Harbor (ca. 575 km 2 ), more subtropical estuaries located on the gulf side of the Florida peninsula (Fig. 1 ). All three systems are characterized by average depths of <5 m, salinities of 0-36 ppt, freshwater inflow from rivers, and expanses of bottom vegetation, primarily seagrasses (Halodu.le wrightii and Thalassia testudinu.m.), in shallow areas.
Spotted seatrout were sampled monthly from 1989 to 1995 at shallow-water (<1.5 m) fixed seine and deepwater (> 1.6 m) fixed trawl sites. Monthly sampling began in 1993 in Choctawhatchee Bay, in 1989 in Tampa Bay, and in 1991 in Charlotte Harbor. Fixed sites were approximately evenly distributed throughout shallow-and deepwater areas. Fish were collected in a 21.3-m X 1.8-m, 3.2-mm stretched-mesh seine or a 6.1-m, 38-mm stretched-mesh otter trawl containing a 3.2-mm stretched-mesh codend liner. At beach sites, seines were set acUacent to the shoreline and hauled onshore; at offshore sites, seines were set in open-water habitats away from the shoreline and retrieved offshore. Trawls were towed
Tampa Bay
Charlotte Harbor Gulf of Mexico . . at 1 knot for 10 min. Three seine hauls or trawl tows were made at each fixed site during daylight hours. Sampling occurred during the first 2 wk of each ITlonth.
Spotted seatrout were also sampled monthly at randomly selected sites so more accurate estimates ofYOY relative abundance could be determined and the spatial distribution of YOY spotted seatrout in each bay could be described. To coordinate sampling logistics, each bay was subdivided into four or five arbitrarily lettered zones. All zones encompassed about equal areas. Within each zone, 1" latitude X 1" longitude microgrids, representing the sites to be sampled, were randomly selected within randomly selected 1' latitude X 1' longitude grids. At each site, one haul or tow was made with the use of the same gears and deployment techniques as those used at fixed stations. Monthly random sampling was conducted in Choctawhatchee Bay in 1996 and in Tampa Bay and Charlotte Harbor in 1996 and 1997.
For all collections, total numbers of spotted seatrout were counted, standard lengths for up to 100 randomly selected individuals per sample were measured ( ± 1 mm), and all fish were released. Salinity (ppt), temperature (C), dissolved oxygen (ppm) levels, and depth (m) were also recorded at all sites. Dominant bottom and shoreline vegetation and sediment (mud or sand) types were recorded only at seine sites because visual assessment of bottom characteristics at trawl sites was hindered by depth.
Seasonal changes in YOY relative abundance and size structure.-To examine seasonal changes in YOY relative abundance in the shallow-and deepwater areas, comparable monthly catch rates (mean number of individuals per 100m 2 ) were calculated from fixed-site and randomsite sampling data by year. We separated YOY data used in all analyses from data on older individuals by using maximum size limits selected from monthly length-frequency plots. Monthly length frequencies were constructed by calculating the proportions of fish found in each length class in each year, combining yearly distributions, and standardizing the cumu~ lative proportions to 1. Length maximum size limits used were in general agreement with those determined from analyses of the otoliths of YOY spotted seatrout from Tampa Bay (McMichael and Peters, 1989) . In addition, summary statistics (mean, minimum, and maximum) of monthly length data were calculated and used to identify seasonal changes in size structure at shallow-water seine sites.
Depth distribution.-To determine whether YOY were restricted to particular depth ranges during the period surrounding peak abundance, the cumulative frequency distributions of trawl depths and depths at which YOY spotted seatrout occurred were compared by using the Kolmogorov-Smirnov two-sample test (Siegel, 1 956; Perry and Smith, 1 994) . The cumulative frequency distributions for YOY spotted seatrout were constructed by weighting depth at each random site by the number of YOY spotted seatrout captured at that site. Trawl data from May-Sep. random sampling were combined over all years to examine overall trends rather than year-to-year variability.
i\llortalit;'.-Daily instantaneous total mortality rates were estimated for spotted seatrout by catch-curve analysis (Ricker, 1975) . Natural log-transformed values of mean number of individuals per 100 rn 2 per age class were plotted to select appropriate cutpoints for the descending limb of the catch curve. To estimate mortality, the following equation was fitted to the abundance at age data by least-squares regression (PROC REG; SAS Institute, 1990):
where ln( CPUE;) is the In-transformed mean nmnber of individuals per 100 m 2 at age i, ln ( CPUE 0 ) is the intercept estimate, Z is the estimate of total instantaneous mortality per day (slope), and A; is the age class in clays (Ricker, 1975) . The age composition of YOY spotted sea trout in seine catches was estimated from length and abundance data with the agelength predictive equation, A = 12.472 + 1.836·L-0.005·L 2 , 1 2 = 0.88, derived from YOY otolith-aged spotted seatrout in Tampa Bay (McMichael and Peters, 1989) . Mortality rates were estimated only for the Tampa Bay population to avoid biases associated with potential interbay differences in growth rates of YOY spotted seatrout CWeste1~ heim and Ricker, 1978) . '1\Te used data only from months during which the effects of immigration in shallow-water areas appeared to be minimal to avoid potential biases in the rates of decline in abundance. Immigration was assumed low when no decline in minimum size and/ or no substantial increases in catch rates were observed. Bias clue lo emigration was asstunecl low because there was no evidence of migration fi·om the shallow-water areas, and the maximum size limits selected data on fishes that could not avoid the seines. Abundance data were averaged over all years prior to calculation of mean number of individuals at age to reduce the effects of interannual variability.
Factors influencing YOY spatial occu.rrence.-We examined variation in YOY seatrout occurrences in shallow-water areas by using multiple logistic regression (Agresti, 1996) to model the presence/absence of spotted seatrout in random seine catches as a response surface to year, deployment technique, sediment types, bottom vegetation, depth, temperature, dissolved oxygen, salinity, and shoreline vegetation. We chose to examine spatial distribution on the basis of occurrences because initial analyses with a delta-lognormal model (Lo et al., 1992; Stefansson, 1996) indicated that most of the total variation in YOY abundance that could be accounted for by predictors occurred in the presence/absence data. Therefore, the probability of the presence of spotted seatrout was modeled as a binary response function of the following form:
where P = Pr( Y = 1IX) is the response probabilil:)', X; is the ith explanatory variable, n is the number of explanatory variables, a is the intercept, f); is the slope coefficient of explanatory variable i, and E is the error term (Agresti, 1996) .
The selection of explanatory variables in the multiple logistic regression was accomplished by a stepwise logistic procedure (SAS Institute, 1997) with variables entered and removed on the basis of a selection criterion of P ::; 0.05. Only data from July-Sep. 1996 for Choctawhatchee Bay and June-Sep. of 1996 and 1997 for Tampa Bay and Charlotte Harbor were used in the analyses because the spatial extent of YOY seatrout distribution in each bay reached its maximum during these months. The presence/absence of bottom vegetation (primarily seagrasses: H. wrightii, T. testudinum, and S)'ringodiu:m filiforme), mangrove (RAizophora mangle, Avicennia genninans, and Lagunculm" ia racemosa) stands, rocks/ seawall structures, bare shoreline, overhanging shrubs/trees (e.g., Quercus spp.), reeds/marsh grasses ( e.g.,Juncus roemerianus, Sjmrtina alternijlora), and mud were coded as dununy variables (i.e., 0 if absent and 1 if present). Deplh, temperature, salinil:)', and dissolved oxygen were transformed with ln(x + 1). First-order interactions among the continuous and dummy variables were included for selection in the initial model. Intel~ actions were considered important only if the associated main effects were also retained by the selection procedure, otherwise the interaction was dropped and the analysis was re- 1989 1990 1991 1992 1993 1994 1995 1996 1997 pea ted. Plots of residual deviance and Pearson chi-square statistics, which provide measures of how well the model predicts each sample observation, were examined to help identifY observations poorly fit by each model. If the absolute value of deviance and Pearson residual statistics for an observation were >2.0 and >3.0, respectively, those observations were removed from the data set and the stepwise analyses were repeated (Beauchamp et al., 1992) . The final model's goodness-of-fit was evaluated by the deviance, Pearson residual chi-square statistics, the Hosmer-Lemeshow goodness-offit test (Hosmer and Lemeshow, 1989) , and concordance measures (Beauchamp et al., 1992) . Standardized regression coefficents were used to determine relative ilTtportance of selected variables. Model regression coefficients were estimated by maximum likelihood (SAS Institute, 1997).
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RESULTS
Seasonal changes in YOY relative abundance and size structu.re.-YOY spotted seatrout appeared first as postlarvae (9-17 mm) at shallow-water seine sites during May or June in Choctawhatchee Bay when average surface tenlperatures were >27 C and during April or May in Tampa Bay and Charlotte Harbor when average temperatures were >23 C (Fig. 2) . Spotted seatrout were first collected at trawl sites in all Choctawhatchee Bay Tampa Bay Charlotte Harbor bays 1-2 mo after their initial appearance at seine sites, although their abundances in trawls were very low (Fig. 2) . Catch rates of spotted seatrout at seine sites peaked during July-Sep. in Choctawhatchee Bay and during May-July in Tampa Bay and Charlotte Harbor (Fig. 2) . During midsummer (July-Aug.), catch rates of YOY spotted seatrout declined slightly in most years when water temperatures were maximmn in all bays except Choctawhatchee Bay (Fig. 2) . In all bays, catch rates at trawl sites generally peaked in the same month or 1-2 mo after the peak at fixed and random seine sites. A second peak in catch rates occurred in most years during Aug.-Oct. at seine sites in Tampa Bay and Charlotte Harbor (Fig. 2) . Low numbers of YOY spotted seatrout were generally captured after Nov. when water temperature dropped rapidly (Fig. 2) .
In all bays, the size range of YOY seatrout captured at trawl sites was generally smaller than the size range of seatrout captured at seine sites during May-Oct. (Fig. 3) . Few fish <30 mm SL were captured after Oct. in any of our collections, indicating settlement of postlarvae had ended by Nov. (Fig. 3) 1989 1990 1991 1992 1993 1994 1995 1996 1997 ter sites through Dec. in Choctawhatchee Bay and through Feb. in Tampa Bay and Charlotte Harbor (Fig. 3) .
Plots of the monthly length statistics showed that seasonal changes in the size structure of YOY spotted seatrout occurred annually in the shallow-water areas. Mean length of YOY spotted sea trout increased after the months of first capture at fixed and random. seine sites (Fig.  L1) . In Tampa Bay and Charlotte Harbor, mean length declined in Aug.-Sep. in most years, after the summer catch rate decline (July-Aug.). Monthly minimum and, occasionally, maximum lengths also declined during Aug.-Sep., indicating both that smaller sea trout ( <25 mm SL) were recruiting to shallow-water areas on or after the summer decline in abundance and that large seatrout (>90 mm SL) had either emigrated from the shallow-water area or were avoiding the sampling gears (Fig. 4) . In Choctawhatchee Bay, a similar pattern was indicated, but lengths did not decline after a summer decline in catch rates. Mean length of spotted seatrout in Tampa Bay continued to increase through fall (Oct.-Nov.) in most years, but it generally declined through late fall (Nov.-Dec.) in Charlotte Harbor (Fig. 4) (Table 1) . In all bays, seatrout were captured most frequently at offshore seine sites and at sites with bottom vegetation (Table 1 ). In Choctawhatchee Bay, seatrout occurred most frequently at sites with seawall/rock (34.7%), reed/marsh grass (35.1 %), or bare (29.0%) shorelines. In Tampa Bay and Charlotte Harbor, YOY seatrout were captured most frequently at sites with mangrove shorelines (57.4% and 59.5%, respectively) and less frequently at sites with seawall/rock (49.3% and 50.0%), reed/marsh grass (44.8% and 40.0%), or bare (35.1% and 27.8%) shorelines (Table 1) . In Choctawhatchee Bay and Tampa Bay, YOY also occurred frequently at sites with mud sediments (Table 1) .
The environmental parameters recorded at the capture sites were relatively similar in all three bay systems. Mean dissolved oxygen ranged 5.8-6.5 ppm, and mean temperature, 29.9-30.4 C, and mean depth was 0.7 min all bays (Table 1) . Mean salinity was the only variable that differed greatly between bays; it was lower (16.4 ppt) in Choctawhatchee Bay than in Tampa Bay (27.2 ppt) and Charlotte Harbor (26.2 ppt) ( Table 1) .
The probability of capturing a YOY spotted seatrout was related to some habitat attributes common to all three bays and to some that were bay specific. In all bays, the presence of bottom vegetation was the most important variable positively associated with YOY occurrences, as indicated by the standardized regression coefficents ( Table 2 ). The probability of capturing seatrout was positively related to sampling depth and negatively related to salinity in Tarnpa Bay and Charlotte Harbor, and in Choctawhatchee Bay and Tampa Bay, it was positively related to dissolved oxygen levels ( Table 2 ). The probability of capturing a YOY seatrout was also positively related to the presence of mud in Choctawhatchee Bay and to the presence of mangroves in Tampa Bay (Table 2). No first-order interactions considered in the initial selection phase remained in the logistic analyses. The nonsignificance of most goodness-of-fit statistics and the moderate to high concordance measures indicated that the final models fit the spotted seatrout data adequately after data from one random site in Choctawhatchee Bay, 11 in Tampa Bay, and 12 in Charlotte Harbor were removed from the original data sets (Table 2) .
Mortality.-Estimates of daily instantaneous total mortality (Z) in Tampa Bay were calculated from the decline in relative abundance at age at shallow-water fixed and random seine sites; we used June data to avoid potential bias associated with the influx of the late summer cohort in July. Estimates were made for fixed-site and random-site data separately with data from age classes 42-98 clays and 50-90 clays, respectively (Fig. 5) . Estimates of Z were 0.027·cl-1 (fixed) and 0.025·cl-1 (random) ( Table 3) .
DISCUSSION
Seasonal changes in YOY abundance and size structure.-Aclult spotted seatrout are believed to spawn during the night in deep channels and depressions near grass flats in high-salinity areas of estuaries when temperatures are >21 C (Tabb, 1966; Helser et al., 1993) . Pelagic seatrout larvae are presumably dispersed via estuarine currents to nearshore areas, where they settle near the bottom (Peebles and Tolley, 1988) . The appearance ofpostlarvae (9-17 mm) and small YOY spotted sea trout ( <30 mm) in shallow-and deepwater sites shows that settlement occurs to both areas. The absence of spotted seatrout at deepwater sites until 1-2 mo after their first appearance at seine sites probably reflects the low levels of spawning activity during the early season (e.g., Brown-Petersen et al., 1988) and the low probability of capturing individuals when abundance is low with an inefficient sampling gear like a trawl. The occurrence of YOY sea trout mostly in waters <3.7 m is probably clue to their dependence on seagrasses for cover (seagrasses are generally restricted to waters <3.0 m in Choctawhatchee Bay, Tampa Bay, and Charlotte Harbor; M. 0. Ruark, Florida Marine Research nstitute, St. Petersburg, FL, pers. comm.) and to the distribution of their prey, which are also restricted to shallow-water areas (McMichael and Peters, 1989) .
We believe that the differences between estuaries in the timing of the initial appearance of YOY seatrout and in the seasonal patterns of the abundance and sizes ofYOY are partially z estuaries and twice (early spring and early summer) in the southern peninsula estuaries (IGima and Tabb, 1959; McMichael and Peters, 1989; DeVries eta!., 1997) . Thus, the first peak in abundance-observed during July-Sep. in Choctawhatchee Bay and May-July in Tampa Bay and Charlotte Harbor-is probably made up of those individuals spawned during spring, and the second peak in abundance-observed during Aug.-Oct. in Tampa mean and minimum length in late summerearly fall after the midsummer abundance decline in most years in Tampa Bay and Charlotte Harbor also confirms that the observed second peak in abundance is probably due to the settling of the second cohort of YOY in the shallow areas (Fig. 2) .
Factors associated with YOY sjJatial occurrences.-
The presence of bottom vegetation (seagrasses) was the most important habitat variable commonly associated with YOY spotted seatrout occurrences in the three Florida estuaries studied. Studies on YOY spotted sea trout by Chester and Thayer (1990) , Rutherford et al. (1989), and McMichael and Peters (1989) also found that YOY seatrout distribution was associated with seagrasses. Because seagrasses provide fish with both a place to hide from predators and a place to forage for diverse prey, TABL!c 3. Summary of regression statistics from the catch curve analyses of young-of-the-year spotted seatrout in Tampa Bay at fixed sites during 1989-95 and random sites during 1996-97. Data from only age classes 42-98 days at fixed sites and 50-90 days at random sites, respectively, were used in the analyses. All intercepts and slopes were tested for significance from zero. seagrass habitats are believed to be very important to survival of YOY seatrout and other estuarine fishes (Stoner, 1983; Chester and Thayer, 1990; Ruiz eta!., 1993; Rooker eta!., 1998) . The significant associations between depth, oxygen, and mud and the spatial occurrences of YOY spotted sea trout were difficult to assess without 1neaningful, first-order interactions in the stepwise logistic analysis. However, because YOY abundance was strongly associated with seagrasses, the significance can be proposed in relation to the distribution of seagrasses. YOY spotted seatrout occurrences in shallow-water areas may be positively associated with water depth in Tampa Bay and Charlotte Harbor because biomass of seagrasses increases with distance from shore and depth in estuaries (Eleuterius, 1987) . The positive association between dissolved oxygen and seatrout presence may reflect differences between seagrass areas (high oxygen production; Odum, 1957 ) and unvegetated and/ or eutrophic sites (low oxygen production) of the moderately and heavily developed shorelines of Choctawhatchee Bay and Tampa Bay, respectively (Irby, 1974; Avery, 1997) . Because mud is commonly associated with the patchily distributed seagrass beds in shallow-water areas of Choctawhatchee Bay (pers. obs.), higher occurrences ofYOYat mud sites may be expected there.
Many fish species tend to be distributed along environmental gradients in estuaries, especially salinity gradients (Moser and Gerry, 1989; Cyrus and Blaber, 1992; vVhitfield, 1999) . For YOY spotted seatrout, our results strongly suggest that their spatial occurrences are negatively correlated with salinity in bays with a wide salinity range. A similar pattern in the abundance of large, post-spawning seatrout was found by Helser eta!. (1993) in four Louisiana estuaries. The observed pattern may be the result of physiological preferences for salinities that minimize metabolic costs and optimize growth and survival (Wohlschlag and ·vvakeman, 1978) or of behavioral responses to avoid stenohaline predators (Dahlberg, 1972; Odum., 1988) . It is difficult to conclude which mechanisms are operating in Tampa Bay and Charlotte Harbor because data on growth and survival over the range of environmental gradients and predator distributions are currently lacking.
Mangroves play an important role as a major source of detritus in south Florida estuaries (Lewis et a!., 1985) . Many fish and invertebrates eaten by YOY spotted seatrout rely on the detritus-based food web supported by mangroves. In Tampa Bay, mangrove distribution has been severely fragmented by urbanization and shoreline development (Lewis et al., 1985) , but in Charlotte Harbor, where the shoreline remains relatively undeveloped, mangrove distribution is nearly continuous (Hamm.et, 1990 ; Blewett, Florida Marine Research Institute, Charlotte Harbor Field Laboratory, Port Charlotte, FL, pers. coml'n.). The positive relationship between mangrove presence and YOY seatrout occurrences found in Tampa Bay, but not in Charlotte Harbor, may then represent the effect of the plant's fragmented shoreline distribution and its localized influence on the detritus-based food web that supports prey of YOY seatrout.
1\llortalit,y.-Our estimates of daily mortality of YOY spotted seatrout in the shallow water of Tampa Bay were relatively low. These estimates (fixed station = 0.027; random station = 0.025) were lower than those made for YOY spotted seatrout in Florida Bay (0.035) (Rutherford et a!., 1989) and were comparable to but higher than those made for YOY of estuarine-dependent species such as pinfish (Lagodon rhomboides) in the same Florida estuaries (0.021-0.023) (Nelson, 1998) ; gulf menhaden (Brevoortia jJatronus) in Fourleague Bay, LA (0.017-0.021) (Deegan, 1990) ; and two sciaenids; spot (Leiostomus xanthurus) in York River, VA (0.017) (Weinstein, 1983) , and Atlantic croaker (Niicropogonias undulatus) in Rose Bay, NC (0.023) (Currin eta!., 1984) .
Applying the age-length relationship for spotted seatrout developed from. fish captured during the early 1980s to length data collected from seatrout captured during 1989-97 introduced a risk of biasing the age structure of the length distributions if changes in growth or survival rates had occurred between the two time periods (Westerheim and Ricker, 1978) . However, this potential bias may not be great because the length data collected in this study and the original otolith-length data (collected in the early 1980s) used by McMichael and Peters (1989) were both combined over several years, which would have dampened interannual differences.
In summary, YOY seatrout first appeared in shallow-water areas during May-June in Choctawhatchee Bay and during April-May in Tampa Bay and Charlotte Harbor. In all bays, they were caught at deepwater sites within 1-3 mo after their shallow-water appearance. Spring and sununer peaks in YOY abundance, corresponding to strong influxes of newly spawned individuals, were observed only in Tampa Bay and Charlotte Harbor. YOY spotted seatrout were generally restricted to depths <3.7 m in all bays. The occurrence of YOY spotted seatrout in shallow-water areas was associated with the presence of seagrasses and mangroves; with salinity, dissolved oxygen, and depth; and with the presence of rnud sediments. Estimates of total instantaneous mortality for YOY spotted seatrout in Tampa Bay were comparable 
